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Description 

This invention relates to monolithic flat panel dis- 
play apparatus. More particularly, it relates to the 
large number of finely spaced conductors present in 
electro optical display apparatus. In an embodiment 
of the invention, these conductors are metallized to 
allow driver circuitry to be wire bounded thereto. 

The difficulty of providing a large number of con- 
nections to finely spaced conductors has become leg- 
end with respect to large scale integrated circuits 
(LSI) and even more pronounced with respect to very 
large scale integrated circuit devices (VLSI). Difficul- 
ties there encountered become even more extreme 
when one considers the connection requirements as- 
sociated with the fabrication of monolithic flat panel 
display apparatus such as electrophoretic display 
panels. 

In devices of this type such as described in U.S. 
Application Serial No. 670,571, now U.S. Patent No. 
4,655.897, as entitled "Electrophoretic Display Pan- 
els and Associated Methods" as filed on November 
13, 1984 in the names of Frank J. DiSanto, Sr. and 
Denis A. Krusos, the inventors herein, and assigned 
to the assignee herein, as well as in U.S. Application 
Serial No. 799,458, now U.S. Patent No. 4,742,345, 
entitled "Electrophoretic Display Panel Apparatus 
and Methods Therefor" as filed on November 19, 
1985 in the names of the instant inventors and as- 
signed to the present assignee, resolution of 200 lines 
per 25mm (1 inch) is obtained in a display having a 
conductor density of 200 lines per 25mm (1 inch) in 
each of the row and column directions. Thus, in a typ- 
ical display having dimensions which correspond to 
the typical dimensions of a 216mm (8V2 inch) by 
279mm (11 inch) sheet of paper 2200 row conductors 
and 1700 vertically disposed column conductors 
would be utilized. Each conductor in the 2200 by 1700 
conductor matrix formed requires connection to driver 
circuitry and resolution surpassing more than 200 
lines per 25mm (1 inch) is envisioned. 

The row and column conductors of such displays 
are typically etched upon the glass layer forming the 
display as such fine line patterns are not available 
through the use of other techniques. When the display 
is assembled, each of the 2200 row conductors and 
1700 column conductors are brought out to the per- 
iphery of the panel formed where connection is typi- 
cally made to driver circuits for selectively energizing 
the rows and columns to form patterns in accordance 
with data to be displayed. Typically, individual driver 
circuits in the form of integrated circuits are employed 
to drive a designated group of conductors from the 
periphery of the column and row. In this vein a typical 
driv r circuit is capable of driving 64 individual con- 
ductors where the driver circuit receives 10 inputs 
provided by electronics xternal to th electrophoret- 
ic panel. 



Connection to the driver circuits at the periphery 
of the electrophoretic panel is preferably achieved 
during the fabrication of the panel since alignment 
problems can occur due to the conductor densities in- 

5 volved. In such an arrangement each group of 64 row 
and column conductors may be specially configured 
at the periphery of the display to accommodate con- 
nection to specific driver chips; however, the entire 
assembly process is time consuming and costly. The 

10 assembly process also is typically subject to align- 
ment errors and is often attended by reliability prob- 
lems. 

One technique for achieving suitable connection 
of the row and column conductors present in a high 
75 resolution electrophoretic display is set forth in U.S. 
Patent No. 4,598,960 which is entitled "Methods and 
Apparatus for Connecting Closely Spaced Large 
Conductor Arrays Employing Multiconductor Carrier 
Boards- and issued on July 8, 1986 to the inventors 

20 herein and is commonly assigned. According to the 
techniques described in U.S. Patent No. 4,598,960 a 
driver circuit in the form of an integrated circuit is 
mounted on a carrier board. The driver circuit inter- 
connects with 64 etched output conductors on the 

25 carrier board as well as 1 0 input conductors. The car- 
rier board is specially configured through the use of 
data apertures to align with correspondingly grouped 
row or column conductors of the electrophoretic dis- 
play under such circumstances that the data aper- 

30 tures are aligned with mounting posts mated to the 
base plate of the assembly and insure appropriate 
alignment of the carrier boards'. Connection of the 
carrier board outputs to the row and column conduc- 
tors within the electrophoretic display is mechanically 

35 achieved through the use of Zebra connectors and 
this same technique is employed to provide connec- 
tion to the inputs of the carrier board. Connection of 
the carrier board to the integrated circuit is achieved 
through wire bonding techniques and the entire as- 

40 sembly once fabricated is damped in place to assure 
that once appropriate mechanical and electrical align- 
ment is achieved the same will be retained. 

While the techniques set forth n U.S. Patent No. 
4,598,960 are effective, they are subject to a number 

45 of difficulties and result in a display assembly which 
is complex, costly to fabricate, and subject to a num- 
ber of reliability problems both during initial fabrica- 
tion and after periods of use. For example, the ceram- 
ic carrier boards employed are costly and the data 

so apertures provided therein must be accurate within 
2.5um (one ten thousandth of an inch) or else align- 
ment problems may result In addition, assembly of 
th compl x structur is tim consuming which in- 
creases manufacturing costs and th m chanical 

55 connections achieved with th Zebra connectors can 
be subject to r liability problems in th presence f 
substantial vibration as can th clamps employed. 
Th article by W.A. Crossland et aJ entitled *An 
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electrically addressed smectic storage device" (SID 
International Symposium Dig st of Technical Papers, 
first edition, May 1985, pag s 124-127) disclos s a 
method of making external connections to a liquid 
crystal flat panel display. In order to eliminate the 
need to make 1 200 external connections to the panel, 
the TAB (tape automated bonding) on glass method 
of assembly is used. Methods of metallizing the base 
indium tin oxide were used which allowed solder re- 
flow attachment of the chips and provided high con- 
ductivity of tracks for power distribution. The manner 
in which chips were attached along the edges of the 
liquid crystal panel is shown in Fig. 4 of the article. 

The present invention has been made with the 
above difficulties in mind. 

In accordance with a first aspect of the invention, 
there is provided a monolithic flat panel display appa- 
ratus comprising: 

an insulating substrate (2); 

a flat panel display area (4) provided on a sur- 
face of said insulating substrate, this including a mul- 
tiplicity of closely spaced conductors (8, 6) arranged 
in columns and rows, these being mutually insulated 
and defining addressable picture element intersec- 
tions; 

interconnective metallized conductor portions 
(26-36) arranged about the periphery of said flat pan- 
el display area (4) without crossing another, these be- 
ing coextensive with each of the column and row con- 
ductors (8, 6) for providing interconnection between 
each of the column and row conductors (8, 6) and re- 
ceiving areas (80) which are arranged to receive re- 
spective column and row driver integrated circuits 
(12^12,,, 10H0J which receiving areas (80) each 
have first second, third and fourth sides (88, 90, 92, 
94), the first and second sides (90, 94) being substan- 
tially parallel to each other and having a length longer 
than that of the third and fourth sides (88, 92) and 
which are spaced apart around the periphery of said 
flat panel display area (4), said interconnective met- 
allized conductor portions (26-36) being arranged in 
spatial groups, the conductor portions of each group 
terminating along three edges of a respective receiv- 
ing area; and 

input/output signal lines, (14, 16) including a 
strobe signal line, arranged about the periphery of 
said interconnective conductor portions (26-36), 
these lines being parallel to each other and to respec- 
tive edges of said flat panel display area (4); 

which display apparatus is characterised in 

that: 

said flat panel display area (4) is an electro- 
phor tic display panel in which th column and row 
conductors have a high d nsity, typically 80 lines/cm 
(200 lines/in), each receiving area (80) is arranged 
with said first and second sides (90, 94) substantially 
transv rse to the side of th display area (4) nearest 
that rec iving area (80), the conductor portions (26- 



36) of each group terminate along the first and sec- 
ond sides and along a third side (92) which is the side 
of the receiving area (80) closest to the nearest side 
of the display area (4); and 
5 said conductor portions of each group, which 

portions terminate along said first and second sides, 
extend outwards from said respective receiving area 
in a direction transverse to said first or second side, 
bend towards said display area (4) to extend in a dt- 
10 rection parallel to said first or second side, the bends 
of conductor portions extending from each said first 
or second side lying on a respective slant line and a 
majority of said conductor portions bend towards the 
center of said group to extend in a direction trans- 
15 verse to said first or second side, and again bend to- 
ward said display area (4) to extend in a direction par- 
allel to said first or second side, the locii of these 
bends lying on respective slant lines. 

Optional features are set out in claims 2 to 11. 
20 Embodiments of the present invention provide 

improved monolithic flat panel display apparatus. 

Embodiment of the invention provide electro- 
phoretlc display apparatus wherein row and column 
driver circuits are directly bonded to the display panel 
25 and connected to individual conductors therein 
through use of wire bonding techniques. 

Embodiments of the present invention provide 
electrophoretic display apparatus wherein portions of 
the row and column conductors are patterned and 
30 metallized to permit the same to be directly bonded to 
driver circuits. 

In a display according to an embodiment of the 
present invention, the end portions of the row and col- 
umn conductors of a display panel are metallized, 
35 grouped and patterned to accept a driver circuit within 
the pattern of each group; the driver circuit is then 
bonded to the panel and each output of the driver cir- 
cuit to be employed is wirebonded to the patterned 
conductor portions within the group associated there- 
40 with; inputs to the driver circuit may also be wire bond- 
ed to input conductors provided on the panel to pro- 
vide an integral one piece structure. 

The invention will be more clearly understood by 
reference to the following detailed description of an 
45 exemplary embodiment thereof in conjunction with 
the accompanying drawings in which: 

FIG. 1 is a pictorial view illustrating a portion of 
a preferred embodiment of monolithic flat panel 
display apparatus; 
so FIG. 2 is a front view, partially in section, illustrat- 
ing a portion of the monolithic flat panel display 
apparatus shown in FIG. 1 , depicting the manner 
in which end portions of row and column conduc- 
tors may be m tailized; 
55 FIG. 3 is a t p view illustrating the mann r in 

which nd portions of row r column c nductors 
may b gr uped and patterned for accepting a 
driv r circuit; and 
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FIG. 4 is a top view illustrating the manner in 
which a driver circuit is mounted and connect d 
to end portions of row or column conductors on a 
monolithic flat panel display. 
Referring now to the drawings and more particu- 
larly to FIG. 1 thereof, there is shown a pictorial view 
illustrating a portion of a preferred embodiment of 
monolithic flat panel display apparatus. More partic- 
ularly, from what has been stated above, those of or- 
dinary skill in the art will appreciate that a typical 
216mm (8'/2 inch) by 279mm (11 inch) electrophoretic 
display exhibiting a resolution of 200 lines per 25mm 
(1 inch) will comprise some 2200 cathode or row con- 
ductors and some 1700 column or grid conductors to- 
gether with an overlying anode structure. Therefore, 
in an effort to present an overall appreciation of the 
embodiment, only the upper left hand corner of such 
a display has been illustrated in FIG. 1, the left hand 
corner illustrated comprising approximately 192 row 
of cathode conductors and 256 column or grid con- 
ductors. Those of ordinary skill in the art will appre- 
ciate that the same may be treated as a complete dis- 
play of reduced size or a portion of a larger display, it 
being understood that all that is required to extend the 
same to a full size 216mm (8V& inch) by 279mm (11 
inch) display is an extension of what is illustrated in 
FIG. 1 in the row and column directions. 

The portion of the preferred embodiment of the 
monolithic flat panel display apparatus illustrated in 
FIG. 1 comprises a glass panel or base plate 2 which, 
as shall be seen in connection with FIG. 2, is prefer- 
ably coated with an extremely thin layer of indium-tin- 
oxide (ITO) as available as described in the aforesaid 
U.S. Patent Application Serial No. 670,571 (now U.S. 
Patent No. 4,655,897) from many suppliers. Although 
glass covered with indium-tin-oxide is preferred, 
other materials as commonly employed in electro- 
phoretic displays or the like may be used for the base 
coating. As shall be seen below, the indium-tin-oxide 
is etched and portions thereof are metalized to form 
the column and row conductor structure and the drive 
lines depicted in FIG. 1. The coating of indium-tin-ox- 
ide on the glass plate 2 has a thickness which may 
typically range from 10 to 30nm (100 to 300 ang- 
stroms) and hence is transparent while yielding a 
conductor structure which may readily be etched in 
accordance with the teachings set forth in U.S. Patent 
Nos. 4,655.897 and/or 4J4Z345 as aforesaid. The 
anode structure for the display illustrated in FIG. 1 is 
not shown. 

The portion of the monolithic flat panel display 
apparatus illustrated in FIG. 1 comprises a display 
area 4, row conductors 6, column conductors 8, row 
driver circuits 10, - 10* column driv r circuits 12,-12,, 
and input drive lines 14 and 16 for the row and column 
driver circuits. Th display area 4 is shown clear to as- 
sist in th depiction thereof, it being recognized that 
the sam has a row and column conductor density of 



200 lines per 25mm (1 inch) in each direction. In fact, 
while the cathode row conductors etched in the fTO 
layer in the manner described in U.S. Patent Nos. 
4,655,897 and 4,742,345 have a density in the dis- 
5 play area 4 of 200 lines per 25mm (1 inch), the column 
or grid conductors 8 formed in the display area will 
preferably have the 4 tined configuration described in 
detail in U.S. Patent No. 4,742,345. Hence actual 
conductor density in the display area in the column di- 
10 rection would be 800 lines per 25mm (1 inch). 

Those of ordinary skill in the art will further appreci- 
ate that while the row or cathode conductors etched 
in the ITO are transparent the column or grid conduc- 
tors formed of metal, such as nickel or the like, in the 
is manner described in U.S. Patent No, 4,742,345 are 
perceivable to a minor degree since a true metal can- 
not be made fully transparent even though the thick- 
ness of the same is extremely reduced. The display 
area 4 has been shown as clear in FIG. 1 for purposes 
20 of ease of illustration and understanding. 

The row 6 and column 8 conductors are illustrat- 
ed in FIG. 1 between the boundary lines 1 8 and 20 as 
extending to and from the display in the ungrouped 
manner in which the same reside within the display 
25 area in the horizontal and vertical directions. After the 
positions indicated by the boundary lines 18 and 20, 
the row and column conductors 6 and 8 are grouped 
and patterned to facilitate connection to the row and 
column driver circuits 10, - 10 n and 12, - 12^ The 
30 boundary lines 18 and 20 also may be viewed as in- 
dicating the location of where metalizing of the row 
and column conductors in accordance with the pres- 
ent embodiment may terminate prior to entry of the 
row and column conductors 6 and 8 into the display 
35 area 4. However, as will be readily appreciated as the 
description herein proceeds, the location of the 
boundary lines 18 and 20 may vary to suit manufac- 
turing and/or design convenience. While it is not the 
purpose of the instant disclosure to provide a descrip- 
40 tion of the manner in which monolithic flat panel dis- 
play apparatus, such as an electrophoretic display, 
operates those of ordinary skill in the art will appre- 
ciate that the display achieved within the display area 
4 will be a function of the potential applied to prede- 
45 termined ones of the row and column conductors 6 
and 8 since the potential present at the various inter- 
sections of these conductors within the display area 
will cause a propagation of electrophoretic particles 
within the display area 4 to achieve the display pat- 
50 tern. A detailed understanding of the operation of 
electrophoretic displays of the type being described 
herein may be found in U.S. Patent Nos. 4,655,897 
and 4,742,345 as aforesaid. 

After the locations indicated by the boundary 
55 lin s 18 and 20 each of the row and column conduc- 
t rs 6 and 8 within th display apparatus illustrated 
in FIG. 1 is metalized in a manner to be described in 
connection with FIG. 2 and grouped and pattern d in 

4 
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a manner further described in connection with FIGS. 
3 and 4 so as to facilitate connection to the row and 
column driver circuits 10, - 10 n and 12! - 12 n . 

The row and column driver circuits 10, - I0 n and 
12 t - 1 2 n each comprise an integrated circuit chip of 
the type described in U.S. Patent No. 4,598,960 as 
aforesaid and perform the functions set forth in that 
patent as well as the functions described in somewhat 
greater detail in U.S. Patent No. 4,742,345. Each of 
the integrated circuits forming the row and column 
driver circuits 10, - 10„ and 12, - 12 fl receives ten in- 
puts as indicated generally to the rear of the row driver 
circuits 10, - 10„ and to the top of the column driver 
circuits 12, - 12« and in response thereto selectively 
apply potential to each of the 64 outputs thereof to en- 
ergize the 64 row and column conductors 6 and 8 con- 
nected to the outputs of each of the row driver circuits 
10, - 10 n and column driver circuits 12, • 12 n . 

The 64 outputs of each of the row and column 
driver circuits 10, - 10 n and 12, - 12 n are peripherally 
arranged about three sides of the integrated circuit as 
generally indicated in FIG. 1. In this regard, it should 
be noted that in FIG. 1 actual connections to the in- 
puts and outputs of the row and column driver circuits 
10, - 10 n and 12, - 12 n is not shown for purposes of 
clarity of illustration. However, the relationship be- 
tween each of the inputs and outputs of a respective 
row 10, - 1 0 n and column 12, - 12„ driver chips is read- 
ily apparent The details concerning the actual con- 
nection of each input and output of the integrated cir- 
cuit driver chips will be described in connection with 
FIG. 4. Here it is sufficient to appreciate that each of 
the ten inputs to the row driver circuits 10, - 10 n as 
generally indicated as 22 in FIG. 1 are supplied from 
the input drive lines for the row as indicated by the 
conductors 1 4 while each of the inputs for the column 
drive circuits 12, - 1 2n as generally indicated by 24 are 
connected to individual ones of the drive lines 16. 

The outputs of each of the row and column con- 
ductor drive circuits 10, - 10„ and 12, - 12„, are ar- 
ranged about the periphery such that as better illu- 
strated in connection with FIG. 3. 24 outputs, i.e. 1- 
24 and 41-64 are disposed at each side of the chip 
while the remaining 16 outputs are disposed along 
the side opposite to the inputs 22 and 24. This, as will 
be appreciated by those of ordinary skill in the art, 
maximizes the periphery of the integrated circuit chip 
from the standpoint of providing locations for discrete 
inputs and outputs. 

Each group of 64 row conductors 6, and 64 col- 
umn conductors 8 are metalized in a manner to be de- 
scribed in greater detail in connection with FIG. 2 in 
order to facilitate connection to the outputs of an as- 
sociated one of th row and column driver circuits 10, 
- I0 n and 12, - 12n by use of a wire bonding machin . 
This is d n as connection to a conductor formed of 
ITO or th like is not readily availabl with a war 
bonding machine and nick I, which is comm nly em- 



ployed for the column conductors 8, presents similar 
difficulties. 

In addition to metalizing, each group of 64 con* 
ductors is patterned in a manner to be described in 

5 greater detail in connection with FIG. 3 to provide a 
location for the integrated circuit chip serving as the 
row or column driver circuit 1 0, - 1 0 n and 1 2, - 1 2 n and 
to dispose each of the 64 metalized conductors in the 
group at a location so that the same is proximate to 

w an associated one of the 64 outputs on the row or col- 
umn driver circuit 10, - 10 n and 12, - 12 n This is also 
described in greater detail in connection with FIGS. 3 
and 4. Here, to facilitate representation, it should be 
noted that the arrow-like representations 26-30 and 

is the chevron-like representations 32-36 represent 
groups of conductors as the detailed pattern em- 
ployed is better shown in figures such as FIGS. 3 and 
4 having less structure. Thus, here it is sufficient to 
appreciate that with respect to the arrow-like repre- 

20 sentations 26-30 and the chevron-like representa- 
tions 32-36, individual row conductors should be 
viewed as entering a grouping at an edge disposed 
aslant thereof for entry into the generalized bundle of 
row and column conductors 6 and 8 shown between s 

25 the display area and the boundary lines 18 and 20 
and conversely leave the arrow-like representations 
26-30 and the chevron-like representations 32-36 
along other edges disposed aslant thereof for appli- 
cation toward an individual output of the driver chips 

30 10, - 10 n and 12, - 12„. 

By way of example, an individual row conductor 
40 may be viewed as entering the arrow-like repre- 
sentation 29 from the generalized row conductors 6 
which enters the display area and leave the arrow-li- 

35 ke representation 29 at the row conductor location 38 
for connection to an output such as output 63 of the 
row driver circuit 10,. Thus, this form of representa- 
tion will serve to generally provide the reader with an 
overall understanding of the manner in which 64 row 

40 or column conductors are associated with each of the 
row and driver chips 10, - 10 n and 12, - 12„ and readily 
facilitates an understanding concerning the manner 
in which the illustration of the embodiment of the in- 
vention illustrated in FIG. 1 may be readily extended 

45 to accommodate a full 216mm (8Vfe inch) by 279mm 
(11 inch) electrophoretic display panel having 2200 
row conductors and 1 700 column conductors. In the 
case of a full scale display 35 row driver circuits 10, 

- 10 n and 27 column driver circuits 12, - ^arranged 
so about the periphery of the glass panel or base plate 

2 in precisely the same manner illustrated for the por- 
tion thereof shown in FIG. 1 would be employed. 

The input driver lines 1 4 for each of the row driver 
circuits 10, - 10 n comprise 9 parallel conductors 
56 which are etched along the left side of the glass panel 
2 in the manner illustrated in FIG. 1 to provide the ten 
requisite inputs for each of th row driver circuits 10, 

- 10 n . In this regard, those of ordinary skill in the art 
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will appreciate, upon an inspection of FIG. 1. that 
drive line 42 within the group of 9 etched input drive 
lines 14 is split in the vicinity of each of the row driv r 
circuits 10,-10,,. This is don asthesamerepr sents 
the data-in and data-out drive line since each of the 
row driver chips 1 0, - 1 0 n are connected in series with 
respect to their data-in inputs and data-out outputs. 
Hence, the single drive line 42 within the group of 9 
drive lines 14 for the row column drivers 10i - 10 n is 
spirt so that one side of this drive line may be connect- 
ed to the data-in input of a given one of the row driver 
circuits 1 0 t - 1 0 n while the opposite side is connected 
to the data-out output of that chip. The same side of 
the driver line 42 in turn is connected to the data-in 
input of the adjacent driver circuit chip affecting serial 
connection of the data-in and data outputs of each of 
the row driver chips 10, - 10 n in a manner well known 
to those of ordinary skill in the art. 

Accordingly, the 9 input drive lines 14 effectively 
supply the 10 input/output connect ions for each of the 
row driver circuits 10, - 10 n , it being noted that addi- 
tional drive lines may be etched within the group 14 
should a different row driver circuit configuration be 
employed. Each of the 9 drive lines 14 within the input 
drive line group 14 is flared out in the manner indicat- 
ed at 44 and provided with a contact pad 46 to facili- 
tate connection to external circuitry in the manner 
well known to those of ordinary skill in the art 

In precisely the same manner, the input drive 
lines 16 are etched as a group of 9 drive lines to pro- 
vide 10 input/output connections to the column driver 
circuits 12, - 12,,. Here, the input drive lines 16 are 
horizontally disposed along the periphery of the glass 
panel 2. The drive line 46 is again split in the vicinity 
of each of the column driver circuits 12, - 12,, to again 
facilitate the serial connection of the input of the data- 
in and data-out connections to each of the column 
driver circuits 12, - 12„. As was also the case for the 
row input drive lines 14, the etched column drive lines 
1 6 are flared out in the manner indicated at 50 toward 
the right end of the glass panel 2 and contact pads 52 
are provided to facilitate connection to external drive 
circuitry. Those of ordinary skill in the art will readily 
appreciate that the flared out portion 50 of the etched 
column drive line 16 will preferably occur subsequent 
to the location of the last row driver circuit 12„ and 
hence in a display employing 27 column driver circuits 
12, - 12„ the flared out portion of the drive lines 16 
would in fact appear at the edge of the display in a 
comparable manner to that illustrated at 44 for the 
drive lines 14. 

As shall be seen below, connection of each of the 
inputs and utputstoth row 10 t - 10 n and column 12, 
- 12 n driver circuits to the r w 6 and c lumn conduc- 
tors 8 as w II as th input/ utputdriv lin s 14 and 16 
are made by use of a wire bonding machine after the 
row 1 0, - 1 0 n and column 1 2, - 1 2^ driv r circuit inte- 
grated circuits are epoxy or otherwise bond d t the 



glass panel or base plate 2. Thus, once the anode 
structure (not illustrated in FIG. 1) is mounted to the 
monolithic flat panel display apparatus illustrated in 
FIG. 1, an integral, one piece display not requiring 

5 mechanical assembly other than the mounting of the 
same within a suitable frame structure is achieved. 
Further, all electrical connections may be implement- 
ed through the use of wire bonding machines or the 
like to insure rapid assembly and the reliability which 

10 attends a structure not requiring mechanical connec- 
tions of electrical contacts and the attendant clamp- 
ing associated with such structures. Thus, when com- 
pared to the complex structure illustrated in FIG. 7 of 
U.S. Patent No. 4,598.960, it will be seen that little 

is more than the electrophoretic panel 70 is required 
and the complete avoidance of expensive ceramic 
carrier boards and complex location thereof is ach- 
ieved. 

Referring now to FIG. 2 there is shown a front 
20 view, partially in section, illustrating a portion of the 
monolithic flat panel display apparatus shown in FIG. 
1 depicting the manner in which end portions of row 
and column conductors may be metallized in an em- 
bodiment 

25 At the outset it should be noted that the structure of 
an electrophoretic display such as disclosed in U.S. 
Patent No. 4,742,345 is preferred as the tined column 
conductor structure thereof is viewed as highly ad- 
vantageous and results in an enhanced display. 

30 Therefore, the description of FIG. 2 should be consid- 
ered as if the tined column-grid structure set forth in 
U.S. No. 4,742,345 were being configured. However, 
those of ordinary skill in the art will appreciate that the 
concepts set forth within the instant disclosure are 

35 equally applicable to the form of electrophoretic dis- 
play panels set forth in U.S. Patent No. 4,655,897 or 
to alternate structures thereof known to the prior art 
Conversely, embodiments of the present invention 
are fully applicable in any application where a great 

40 many connections to closely spaced conductors are 
to be made and those conductors do not normally ad- 
mit of wire bonding applications. 

The portion of the monolithic flat panel display 
apparatus illustrated in FIG. 2 is a section selected to 

45 best illustrate the techniques for selectively metaliz- 
ing portions of row and column conductors in an em- 
bodiment of the instant invention while essentially 
leaving the display area free of additional metaftzing 
to retain the transparent nature thereof. For this rea- 

50 son, FIG. 2 has been deliberately drafted out of pro- 
portion with respect to FIG. 1 such that distance be- 
tween the boundary line 18 illustrated in FIG. 1 and 
th actual beginning of th display area 4 is com- 
pressed in th manner indicated by th dashed line 18 

55 and the dash d fine annotated Display in FIG. 2. 
H nc , what is illustrated in FIG. 2 should b under- 
stood as depicting in cross s ction a p rtion of th 
glass plat 2 associated with row conductors 6 to the 
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left of the boundary lin 18 shown in FIG. 1, shown 
to the right of the dashed line 18 in FIG. 2 as weil as 
portions of the display area involving the first few col- 
umn conductors (shown to the left of the dashed lin 
annotated Display in FIG. 2), 5 

As described above, and in greater detail in U.S. 
Patent Nos. 4,655,897 and 4,742,345, a glass plate 2, 
preferably coated with an extremely thin layer of in- 
dium-tin-oxide (ITO) 60 as available from many sup- 
pliers, acts as a port through which a viewer of the dis- 10 
play may discern image information set forth thereon. 
The ITO layer is extremely thin of the order of 10 to 
30nm (100 to 300 angstroms) and hence is truly 
transparent. The row or cathode conductors 6 are 
formed within the ITO layer directly on the glass sub- is 
s t rate 2 and, as shall be seen below, in the area of the 
display the row or cathode conductors 6 comprise 
only the ITO layer to insure that the transparency of 
the display area is retained. However, in areas exter- 
nal to the display and where contacts to the row or 20 
cathode conductors are to be made, these conduc- 
tors are metal ized by overcoating the same with one 
or more metallic layers characterized by their ability 
to accept wire bonding and to adhere to the ITO cath- 
ode conductors. 25 

The actual configuration of the row and column 
conductors within the display area 4 is explained in 
great detail, together with the manner in which the 
same may be formed in U.S. Patent No. 4.742.345 
whose disclosure is specifically incorporated by ref- 30 
erence herein. Accordingly, should additional detail 
concerning the dimensions or techniques for forming 
the row and column conductors be desired, reference 
to that application is suggested. 

The portion of the monolithic flat panel display 35 
apparatus illustrated in FIG. 2 comprises a glass 
plate 2 overcoated with a thin layer of indium-tin-oxide 
(ITO) 60. The ITO layer 60, as shall be seen below, is 
patterned to form row conductors forming the cath- 
odes of the display which have a density, for example, 40 
of 200 lines per 25mm (1 inch). Thus, in the case of a 
21 6mm (8-1/2 inch) wide by 279mm (11 inch) long dis- 
play area 4 the pattern will be such that 2200 horizon- 
tally disposed cathode or row conductors will be etch- 
ed in a manner to be described below in the row di- 45 
rection. Typically, as described in U.S. Patent No. 
4,742,345, each of the row conductors formed will 
have a width of the order of 112um while separation 
between adjacent row conductors is typically 15um. 
This pattern will exist underlying the entire display so 
area 4 and extending generally to the boundary line 
18. After the boundary line 18 patterning of each of 
the row or cathode conductors is implemented in a 
mann r best appreciated in connection with FIGS. 3 
and 4. In addition, after boundary line 18 ach ITO 55 
row conductor 60 in the portion of the panel outsid 
of the display area 4 and essentially b tw en the 
boundary line 18 and th periphery of th panel or 



glass plate 2 is overcoated with one or more metallic 
layers 62 and 64 patterned, in a manner to be descri- 
bed below, in precisely the same manner as the un- 
derlying ITO layer so that effectively the ITO layer 
outside of the display area 4 is metal ized. 

After the row or cathode conductors are formed 
and the peripheral portions of the ITO conductors are 
metal ized in the manner indicated by the layers 62 
and 64, column conductors 66 are formed underlying 
the display area in precisely the manner described in 
U.S. Patent No. 4,742,345, as aforesaid. In areas of 
the row conductors external to the display area 4, the 
row conductors are patterned in the manner best ap- 
preciated in connection with FIGS. 3 and 4. In FIG. 2 
solid column conductors 66 and insulator 68, on which 
they reside, are illustrated as the cross section shown 
in FIG. 2 is through a section selected for purposes 
of showing peripheral portions of the column conduc- 
tors 66 external to the display area 4 so that the met- 
alizing associated therewith can be depicted. The col- 
umn conductors 66, however, are preferably formed 
in the area of the display as multiple tined conductors 
of the type best illustrated in FIG. 4 of U.S. Patent No. 
4,742,345 such that effectively 4 parallel tines form, 
each column conductor in the area of the display. Un- 
der these conditions each of the 4 tines has a typical 
width of 20um and has an internal spacing between 
tines of 13um while the spacing between conductors 
is 15um. Portions of the photoresist pads 68 underly- 
ing each of the tines are similarly formed in parallel 
sections in a manner best illustrated in FIG. 3 of U.S. 
Patent No. 4.742,345. 

The column conductors 66 are also metalized in 
peripheral portions of the panel external to the display 
area 4 as indicated by the layers 70 and 72. An anode 
structure 74 is provided in the manner described in 
connection with U.S. Patent No. 4,742.345, as afore- 
said, and overlies at least portions of the display pan- 
el overlying the display area 4. 

As was noted above, the glass panel or base 
plate 2 Is typically obtained having a thin layer of ITO 
formed thereon as a transparent layer. The same then 
is configured in accordance with an embodiment of 
the instant invention by first patterning the ITO layer 
to form the row or cathode conductors 60 in the man- 
ner described in U.S. Patent No. 4,742,345. There- 
after the row conductors 60 may be entirely overcoat- 
ed or peripherally disposed portions thereof outside 
of the display area 4 are selectively coated with one 
or more metallic layers 62 and 64. If the entire surface 
of the ITO row conductors are metalized, the portions 
of the layers 62 and 64 overlying the ITO row conduc- 
tors in the display area 4 are then removed by sputter 
etching or similar wet tching techniques so that the 
metalized layers are removed in the area of the dis- 
play enabling the transparent nature thereof to be re- 
tained. 

Thereafter, the column conductors 66 on the in- 
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sulating pads 68 are formed in precisely the manner 
described in association with U.S. Patent No. 
4.742,345 as aforesaid. Once this is done, one or 
more metalized layers 70 and 72 for th column con- 
ductors 66 may be formed on peripheral portions of 
the column conductors. Alternatively, each of the col- 
umn conductors 66 may be metalized in their entirety 
by the plating of one or more metallic layers 70 and 
72 thereon. Again, portions of the metalizing layers 70 
and 72 in the display area 4 may be removed through 
an etching process or here, the same may be left in- 
tact as the column conductors 66 which are typically 
formed of nickel are true metals and hence are not 
transparent regardless of the thickness involved. 

If the approach of initially patterning the ITO layer 
by the formation of row or cathode conductors in the 
manner set forth in U.S. Patent No. 4,742,345 is fol- 
lowed, the patterning would be conducted in precisely 
the manner set forth in that application. Thereafter, 
the metalized layers 62 and 64 would be formed in 
such a manner that the layer 62 is selected of a metal 
which displays good adherence qualities to ITO layer 
60 while the layer 64 is selected of a metal to which 
wire bonding may take place. Thus, if multiple layers 
62 and 64 are employed, the layer 62 may comprise 
nickel, chrome or molybdenum while the layer 64 may 
typically comprise gold or aluminum. Alternatively, a 
single layer of aluminum or the like may be utilized. 
I n other variations a three layer combination of moly b- 
denum, gold and nickel may be utilized wherein the 
nickel or molybdenum layer is selected for overcoat- 
ing on the ITO conductor 60 while the gold layer rep- 
resents the top layer 64 to which wire bonding will 
take place. 

A typical example of such technique would com- 
prise the steps of initially patterning by forming the 
ITO image of the row or cathode conductors 60 in pre- 
cisely the same manner set forth in U.S. Patent No. 
4,742,345. Thereafter, approximately 2.5nm (10 mil- 
lionths of an inch) of nickel would be plated on the ITO 
conductors formed. This would be followed by the 
plating of approximately 1nm (4 millionths of an inch) 
of gold on the nickel. Thereafter, the resulting struc- 
ture would be baked at approximately 250°C for 30 
minutes. This would be followed by the plating of ap- 
proximately 1 0nm (40 millionths of an inch) of gold on 
the structure formed. 

If the ITO row conductors in the display area 4 
were metalized in the foregoing manner, rather than 
only being metalized in peripheral portions thereof, 
the display area 4 will be etched to remove the met- 
alizing represented by layers 62 and 64 therefrom in 
the mann r indicated in FIG. 2. This will be accom- 
plished, as will be readily appreciated by those of or- 
dinary skill in the art, by the us fa dry etch aff cted 
by way of sputter etching wh r in the depth of th 
etch can be readily controlled. Alternately a wet etch 
wherein the specific materials, her gold and nickel. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



are selectively removed by use of commercially avail- 
able etching solutions such as Aquarega for the gold 
and nickel etch for the nickel are employed. 

Thereafter, the column conductors 66 and insu- 
lating pads 68 therefor are formed precisely in the 
manner described in U.S. Patent No. 4,742.345. The 
column conductor 66 would typically be formed of 
nickel as described in that U.S. Patent No. 4,742,345. 
Thereafter, these column conductors, which act as 
grids, are metalized by the formation of the layers 70 
and 72 thereon. This may be done precisely in the 
manner described with respect to the formation of the 
layers 62 and 64. Alternatively, a chrome and gold 
combination may be employed for the layers 70 and 
72 or again a single layer of aluminum may be utilized. 
If the entire length of the column conductor 66 is met- 
alized, the metalizing material may again be removed 
from the area of the display 4 by using a dry or wet 
etch such as noted above or alternatively the metal- 
ized layers employed for the column or grid conduc- 
tors may be left in place in the area of the display area 
since the column conductor 66 is formed of a true 
metal and will not be transparent. Therefore slightly 
increasing the thickness thereof due to the presence 
of the metalizing layers 70 and 72 will not adversely 
effect images formed in the display area 4. 

Metalizing of the row and column conductors in 
the manner illustrated in FIG. 2 may be readily imple- 
mented by first patterning the row conductors 60 and 
thereafter selectively metalizing the conductors 
formed as described above. This will be followed by 
precisely the same procedure with respect to the col- 
umn conductors 66. However, it has been found that 
it is generally more eff icient to achieve the structure 
illustrated in FIG. 2 by first forming the composite lay- 
er structure and thereafter selectively patterning the 
same. This permits the entire structure of the rows to 
be formed by a singular photomask operation fol- 
lowed by a corresponding photomask procedure for 
the columns. Thus, using this approach, the glass 
plate 2 bearing the ITO layer 60 would first have met- 
alizing layer 62 formed thereon using conventional 
sputtering or other well known deposition techniques. 
Thereafter a second layer 64 would be applied again 
employing conventional sputtering techniques or the 
like. Alternatively, a single layer of aluminum or 
chrome may replace both the layers 62 and 64, it be- 
ing noted that while a single layer of gold could per- 
form this function it is generally viewed as too soft to 
be used alone. 

Once the ITO layer 60 is completely overcoated 
with the metalizing layer or layers 62 and 64, the 
same would b overcoated with a ph tor sistivelay r 
of any conventional form. Thereafter a photo mask 
having the conductor pattern associated with the 
plurality of row conductors and having the end por- 
tions patterned in th mann r described in connec- 
tion with FIGS. 3 and 4, is placed on the photoresis- 
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tive layer formed. The entire structure is then ex- 
posed to ultraviolet light through the mask and devel- 
oped. Those of ordinary skill in the art will appreciat 
that what remains after the removal of the developed 
material will comprise the desired conductor pattern 5 
for the plurality of row conductors and end portions 
wherein each conductor will be overcoated with pho- 
toresistive material. The remaining portions of the 
composite metalized structure comprising layers 60, 
62 and 64 will not be overcoated with photoresistive 10 
material. Once this is achieved the row structure may 
be etched using conventional etching techniques so 
that only the composite material comprising layers 60, 
62 and 64 overcoated by photoresistive material 
which corresponds to the mask employed in the ex- is 
posure step remains. Thereafter, the complete sur- 
face area of the glass plate 2 is again exposed to ul- 
traviolet light without the benefit of the mask so that 
the overcoated photoresistive material on the row 
conductor pattern formed is now exposed. Upon de- 20 
veiopment, this photoresistive material may be re- 
moved leaving the plurality of row conductors in the 
pattern of the mask formed on the glass plate 2. 

Removal of the metal izing layers 62 and 64 on 
portions of the row conductors 60 in the display area 25 
4 is then accomplished by conventional etching such 
as dry etching accomplished through the use of sput- 
ter etching techniques wherein the depth of the etch 
can be uniformly controlled. Alternatively, wet etching 
techniques may be utilized employing commercially 30 
available material selective etching liquids. 

Once the plurality of row conductors, metalized in 
portions of the display external to the display area 4, 
have been formed, formation of the column conduc- 
tors may take place. This is initiated, as will be appre- 35 
ciated by those of ordinary skill in the art, by overcoat- 
ing the entire surface of the panel including the pre- 
viously formed and metalized row conductors with a 
insulating material. Once the insulating material has 
been entirely overcoated on the surface of the glass 40 
plate 2 having the metalized column conductors 
formed thereon, the insulating layer is overcoated 
with a thin layer of nickel in the manner described in 
U.S. Patent No. 4,742,345. Alternatively, a thin layer 
of aluminum, which wilt not require further metalizing, 45 
may be employed. 

Assuming, however, that nickel is utilized for the 
column conductors 66, the layers 70 and 72 are over- 
coated on the nickel in precisely the same manner de- 
scribed for the layers 62 and 64. Here it should be ap- so 
predated that since the complete surface is being 
overcoated a layer at a time sputtering techniques, 
such as use of planar magnitrons or the I ik , may be 
readily employed. Once the thin layers 66, 70 and 72 
are overcoated n th insulating lay r 68, a ph tore- 55 
ststiv layer (n t shown) is formed over the t p met- 
alizing layer 72 which may b gold. Th structure of 
the layers 66, 70 and 72 may b nickel, chrom and 



gold; nickel, molybdenum and gold; nickel, chrome 
and aluminum; nickel, molybdenum and aluminum; 
or. alternatively, a singl aluminum layer may replace 
the three layers 66, 70 and 72. 

Once this sandwich-like structure is formed, a 
photoresistive layer (not shown) is formed over the 
top layer 72 to enable the plurality of vertically dis- 
posed column or grid conductors to be formed 
through conventional etching techniques. Thus, a 
mask corresponding to the pattern of the column con- 
ductors in the tine arrangement described in U.S. Pa- 
tent No. 4,742,345 and having the end portions pat- 
terned in the manner described in connection with 
FIGS. 3 and 4 is placed over the photoresist and the 
photoresist is exposed to ultraviolet light Thereafter, 
the photoresist is developed enabling the removal of 
the photoresist from portions of the surface in which 
the initial layer of photoresist 68 and nickel layer 66 ■ 
and the metalized layers 70 and 72 are not to be re- 
tained. 

After the exposed and developed portions of the 
top layer of photoresist material (not shown) is re- 
moved, the exposed metal areas are etched to yield 
the resulting structure shown in FIG. 2 except thatthe 
conductor 72 will be overcoated by a layer of photo- 
resist material which has not yet been exposed. The 
etching procedure is precisely as described in U.S. 
Patent No. 4,742,345. Thereafter, the resulting struc- 
ture is again exposed to ultraviolet light so that the 
photoresistive material overlying layer 72 may be de- 
veloped and removed. Once this has been achieved, 
the metalizing layers 70 and 72 overlying the display 
area 4 maybe selectively etched so as to only leave 
the metalizing layers 70 and 72 in the peripheral por- 
tions of the panel formed outside of the boundary line 
18. Alternatively, in the case of the column conduc- 
tors 66, the metalizing layers 70 and 72 may be left 
in the display area 4 since the column conductors 66 
are not transparent 

Referring now to FIG. 3 there is shown a top view 
illustrating the manner in which end portions of row 
and column conductors are grouped and patterned 
for accepting a driver circuit More particularly, each 
group of 64 row and column conductors in the mono- 
lithic flat panel display illustrated in FIG. 1 is arranged 
and patterned in the manner illustrated in FIG. 3 so 
as to accept and subsequently be connected to an as- 
sociated row or column driver circuit 10 t - 10 n or 12i 
- 12 n . Those of ordinary skill in the art will appreciate 
that in the case of a 216mm (8'/2 inch) by 279mm (11 
inch) display having approximately 2200 row conduc- 
tors and 1700 column conductors, 35 groupings for 
rowdriv r circuits 10i- 10 ft would be pres nt while 27 
column groupings for column driver circuits 12 t - 12 n 
w uld b present Each grouping formed would be 
id ntical to that illustrated in FIG. 3. In FIG. 3 an ex- 
emplary row r column driver circuit has been indicat- 
ed by the dashed block 80 to illustrat the outline of 
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the driver chip per se and exemplary outputs 1 , 25, 41 
and 64 have been illustrated, together with the 10 I/O 
connections thereto. An associated input/output drive 
line array 82, corresponding to an appropriate one of 
the input/output drive line arrays 14 and 16 illustrated 5 
in FIG. 1 has also been indicated in FIG. 3. 

The 9 conductor I/O drive line array 82 is etched 
at the peripheral portion of the array as indicated in 
FIG. 1 so as to provide 9 parallel conductors in the 
manner illustrated in FIG. 3. The closest conductor 84 w 
to the chip location 80 is split so as to provide for the 
serial connection of each row or column driver to the 
single split line to obtain the serial connection of the 
data-in and data-out outputs of each chip, as afore- 
said. While not illustrated in FIG. 3 the split conductor is 
84 may be somewhat thickened with respect to the re- 
maining conductors within the I/O drive line array 82 
to facilitate test probing of the input and output sig- 
nals. Although any convenient spacing and arrange- 
ment maybe employed for the I/O drive line array 82, 20 
a convenient arrangement for embodiments of the in- 
stant invention which have been built and tested, is to 
provide an I/O drive line array wherein each conductor 
has a typical width of 0.25mm (0.010 inch) and is 
spaced from the adjacent conductor within the array 25 
by a distance of 0.025mm (0.001 inch). The initial con- 
ductor in the array, i.e. conductor 86, is typically dis- 
posed 4.65mm (0.1832 inch) from the edge of the 
glass plate 2 and the distance allotted between the 
edge of the last conductor 84 in the array and the rear 30 
edge 88 of the row or column driver 80 is 0.25mm 
(0.01 0 inch). The I/O drive line array 82 may be print- 
ed on the glass plate employing conventional photo- 
mask techniques such as described above with re- 
spect to the formation of the row and column drivers. 35 

The row or column driver 80 which may be con- 
ventional will have nominal dimensions of 6.17mm 
(0.2428 inch) by 3.68mm (0.1448 inch) with the short- 
er dimension obviously located along the edge 88 il- 
lustrated in FIG. 3. The specific input/output conneo 40 
tions to and from this chip as provided in the I/O drive 
line array 82 are specifically indicated as disposed 
near the edge of the chip 88 and have been annotated 
with their function to render their character apparent. 
Those of ordinary skid in the art will appreciate the 45 
specific nature of the inputs and outputs provided on 
the driver chip 80 may be varied to suit the choice of 
the designer. 

The location of the initial and end output pads on 
each of the remaining three sides 90, 92 and 94 of the so 
driver chip 80 are indicated while the boundary lines 
18 and 20 illustrated in FIG. 1 have also been indicat- 
ed by way of the dashed line annotated 18 or 20 in 
FIG. 3. Although only 4 xemplary c nductors have 
be n sh wn in FIG. 3, the interrelationship in the pat- 55 
t rning among the conductors in each 64 conductor 
group may b appreciated upon an inspection of FIG. 
4 which shows an exemplary grouping of conductors. 



As will be seen upon an inspection of FIG. 3, each 
of the 64 conductors to be connected to a specific 
driver chip 80 is brought out from the display area 
having the same width as was employed in the display 
area. In this case this width corresponds to approxi- 
mately 0.08mm (0.0033 inches), although spacing 
may vary from 112 to 11 Sum. In the case of the four 
tine column conductors described in U.S. Patent No. 
4,742,345 each of the four tines of a specific conduc- 
tor are joined into a single column conductor subse- 
quent to its leaving the display area and for this pur- 
pose, if desired, slightly enlarged pad areas may be 
employed. Thus, until the location indicated by the 
boundary line 18 or 20 the width of each conductor is 
retained at that employed in the display area. 

After the boundary area indicated by the dashed 
line 1 8 or 20, the width of each of the 64 row or column 
conductors within a specific group is thinned by ap- 
proximately one half to a typical thickness of 0.04mm 
(0.0015 inch) to facilitate the patterning illustrated in 
FIGS. 3 and 4 and brought to a location 96-99 where 
it is directly opposite to the pad 1, 25, 41, 64 on the 
row or column driver 80 to which connection is to be 
affected. At this location, the conductor is again thick- 
ened in the manner indicated in FIGS. 3 and 4 so as 
to have a width which corresponds to the approximate 
0.1mm (4 mil) width of each of the pads 1, 25, 41 and 
64 of the row or column driver chip 80. Thus, in con- 
figuring the mask the 0.11mm (4.25 mil) width of each 
row or driver conductor brought out from the display 
area to the boundary line 18 or 20 is first reduced to 
a width of 0.04mm (1 and 1/2 mils) to facilitate pat- 
terning. Thereafter once the same is brought opposite 
to the pad on the driver chip 80 to which connection 
is to be made the width is expanded to 0.1mm (4 mils) 
so as to correspond in width of the connection pad on 
the driver chip 80. The patterning of each of the 64 
conductors to be connected to an individual row or 
driver chip 80 may be achieved through conventional 
photomask techniques such as described in connec- 
tion with the formation of the row and driver conduc- 
tors. As indicated in FIG. 3, each of the 64 row or driv- 
er conductors once patterned is brought to a location 
indicated by the dashed edges 90, 92 and 94 of the 
row or driver chip 80 which essentially corresponds to 
where that edge will reside once the row or column 
driver 80 is mounted in the array being formed. 

The distance between the edge of the driver chip 
92 and the boundary fine 18 or 20 may typically be 
3.25mm (0.1 28 inch). The distance from the edges 90 
and 94 of the driver chip 80 to the outer edges of the 
conductors 1 00 and 1 02, the conductors connected to 
outputs 1 and 64 of the driver chip 80, may typically 
be 2.2mm (0.08675 inch). Thus, it will be seen that the 
64 row or column conductors grouped for connection 
t a particular row or column driver chip 80 are pat- 
terned in the manner illustrat d in FIG. 3 and further 
shown in FIG. 4 so as to provide a location for the row 
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or column driver chip 80 p r se as indicated by th 
dashed lines 88. 90, 92 and 94 in FIG. 3 and to bring 
each of the conductors t a location opposite its con- 
nection pad at a width corr sponding t th pad width 
of the output on the row or column driver 80 to which 5 
it is to be connected. Further, the thinning of the con- 
ductor width between the location indicated by the 
boundary line 18 or 20 and its location opposite to the 
pad to which it is to be connected readily facilitates 
the patterning being conducted. This can readily be 10 
achieved through the use of the same photomask 
techniques described in connection with the forma- 
tion of the row and column drivers. 

Once the entire conductor structure for the 
monolithic flat panel display apparatus illustrated in 15 
FIG. 1 is formed in the manner described in connec- 
tion with FIGS. 2 and 3, the actual row and column 
drivers 10-1 - 10 n and 12-1 - 12 n are mounted on the 
panel formed. More particularly, through the use of a 
conventional chip mounting machine, each of the row 20 
and driver chips 10, - 10 fl and 1^-12,, have a small 
spot of low temperature thermal setting epoxy or sim- 
ilar adhesive placed on the bottom thereof and the 
same are positioned again through the use of a chip 
mounting machine or the like within the outline pro- 25 
vided as indicated by the dashed lines 88, 90, 92 and 
94 in FIG. 3. Once all of the row and column driver 
chips 10i - 10„ and 12 t - 12„ are properly positioned 
in the location indicated by the dashed lines 88, 90, 
92 and 94 in FIG. 3 on the array, the entire panel is 30 
placed in an oven set at a temperature of approxi- 
mately 120°C for approximately 2 hours to allow the . 
epoxy bond formed intermediate the bottom surface 
of the row or column driver chip 80 and the display 
panel to cure. 35 

Once this has been completed, actual connection 
of each of the 64 row or column conductors in a group 
is made to each of the 64 outputs of the row or column 
driver chip 80 and each of the 10 input/outputs at the 
rear of the chip along the edge 88 is connected to as- 40 
sociated ones of the conductors within the I/O drive 
line array 82. The manner in which this is achieved is 
best appreciated in connection with FIG. 4. 

Referring now to FIG. 4 there is shown a top view 
illustrating the manner in which a driver circuit is 45 
mounted and connected to end portions of the pat- 
terned row or column conductors within a group of 64 
conductors in the monolithic flat panel display appa- 
ratus according to an embodiment of the instant in- 
vention. More particularly, as shown in FIG. 4, the row 50 
or column driver circuit 80, once epoxied or otherwise 
adhered to the glass panel or base plate 2, must have 
ach of the contact pads 106 and 108 on the t p sur- 
face thereof connected to associated ones of the row 
or column conductors 110 or 112, in the manner indi- 55 
cated in FIG. 4. To achiev this function, th entire 
monolithic panel formed is placed in a wire bonding 
machine so that each of th pads 106 and 108 may 



be c nnected to corresponding conductors 110 and 
112. The wire bonding machine is loaded with gold or 
aluminum wire and the wir bonding machine is set up 
for an appropriate ultrasonic bonding cycle. There- 
after, connection is typically initiated at the pad 106 
or 108 on the driver chip, the preferred loop in the wire 
114 is set and thereafter bonding to a conductor 110 
occurs. 

This process is continued by the operator from 
one contact pad 106 or 108 to the next until each of 
the 74 contact pads on the driver circuit 80 is connect- 
ed wherein outputs 1-64 are connected to the 64 
grouped row or column conductors associated with 
the display area while the 10 inputs to the driver cir- 
cuit are connected to respective ones of the conduc- 
tors within the I/O drive line array 82. If a manual wire 
bonding machine is employed, this operation will take 
10 to 15 minutes per driver chip 80. However, if an au- 
tomatic wire bonding machine is utilized, once setup 
has been established, bonding of the 74 contact pads 
to appropriate conductors will occur at a rate of ap- 
proximately one chip each nine seconds. The scrub- 
bing cycle for the vibrator is typically set to approxi- 
mately 40 milliseconds in the bonding operation being 
earned out 

Further, since the pad and matching conductor 
widths are approximately 0.1 mm (4 mils), the connec- 
tion operation is well within the precision of most con- 
ventional wire bonding machines since connection 
within 0.025mm (1 mil) of center is sufficiently accu- 
rate for purposes of embodiments of the instant in- 
vention. Once an entire driver chip has been intercon- 
nected to its inputs and outputs as described above, 
a protective cover 116, as illustrated in FIG. 4, is 
placed over the driver circuit 80 to protect the circuit 
per se and each of the wire bonds made to the pads 
thereof. The cover 116 may be formed of ceramic or 
epoxy material. 

Thus, those of ordinary skill in the art will appre- 
ciate that embodiments of the instant invention allow 
wire bonding techniques to be employed to secure an 
integrated monolithic structure which iahighly simpli- 
fied and readily admits of large scale integrated cir- 
cuit processing techniques despite the highly com- 
plex nature thereof. Further, this occurs despite the 
fact that ITO is typically employed as a conductive, 
transparent layer from which cathode grid conductors 
are formed. 

Although the instant invention has been descri- 
bed in connection with a highly specific exemplary 
embodiment thereof, it will be understood that many 
modifications and variations, particularly with regard 
to dimension, will occur to those of ordinary skill in the 
art Therefor , it is manifestly intended that this inven- 
tion be only limited by the claims. 
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Claims 

1. A monolithic flat panel display apparatus com- 
prising: 

an insulating substrate (2); 5 

a flat panel display area (4) provided on a 
surface of said insulating substrate, this including 
a multiplicity of closely spaced conductors (8,6) 
arranged in columns and rows, these being mu- 
tually insulated and defining addressable picture 10 
element intersections; 

interconnective metallized conductor por- 
tions (26-36) arranged about the periphery of 
said flat panel display area (4) without crossing 
another, these being coextensive with each of the 15 
column and row conductors (8,6) for providing in- 
terconnection between each of the column and 
row conductors (8,6) and receiving areas (80) 
which are arranged to receive respective column 
and row driver integrated circuits (12 1 -12 nt 10,- 20 
10 n ) which receiving areas (80) each have first 
second, third and fourth sides (88, 90, 92, 94), the 
first and second sides (90,94) being substantially 
parallel to each other and having a length longer 
than that of the third and fourth sides (88, 92), and 25 
which are spaced apart around the periphery of 
said flat panel display area (4), said interconnec- 
tive metallized conductor portions (26-36) being 
arranged in spatial groups, the conductor por- 
tions of each group terminating along three 30 
edges of a respective receiving area; and 

input/output signal lines, (14,16) including 
a strobe signal line, arranged about the periphery 
of said interconnective conductor portions (26- 
36), these lines being parallel to each other and 35 
to respective edges of said flat panel display area 
(4); 

which display apparatus is characterised 

in that 

said flat panel display area (4) is an elec- 40 
trophoretic display panel in which the column and 
row conductors have a high density, typically 80 
lines/cm (200 lines/in), each receiving area (80) is 
arranged with said first and second sides (90, 94) 
substantially transverse to the side of the display 45 
area (4) nearest that receiving area (80), the con- 
ductor portions (26-36) of each group terminate 
along the first and second sides and along a third 
side (92) which is the side of the receiving area 
(80) closest to the nearest side of the display area so 
(4); and 

said conductor portions of each group, 
which portions terminate along said first and s c- 
ond sides, ext nd outwards from said resp ctrve 
receiving area in a dir ction transverse to said 55 
first r s cond sid , b nd towards said display 
area (4) t extend in a direction parallel to said 
first or second side, the b nds of conductor por- 



3. 



4. 



tions extending from each said first or second 
side lying on a respective slant line with respect 
to said sides, and a majority of said conductor 
portions bend towards the center of said group t 
0 extend in a direction transverse to said first or 
second side, and again bend toward said display 
area (4) to extend in a direction parallel to said 
first or second side, the locii of these bends lying 
on respective slant lines. 

Apparatus as claimed in claim 1 further including 
said respective column and row driver integrated 
circuits (12,-1 2 m 10,-1 0„) adhered to said sub- 
strate (2) within each respective receiving area. 

Apparatus as claimed in claim 2 wherein wire 
bond connections (114) provide connection be- 
tween said interconnective metallized conductor 
portions (26-36, 110, 112) and each output drive 
pad (106,108) of each respective driver integrat- 
ed circuit (12,-12,,, 10 1 -10 n )and between respec- 
tive selected ones of said signal lines (14,16) and 
each respective driver integrated circuit (12,-1 2 ni 
1<V10 n ). 

Apparatus as claimed in either of claims 2 or 3 
wherein said respective column and row driver in- 
tegrated circuits (12 r 12 n , 10,-10„) are adhered 
to said substrate (2) by means of thermosetting 
epoxy. 

Apparatus as claimed in any one of the preceding 
claims wherein said multiplicity of closely spaced 
conductors (8,6) arranged in at least one of col- 
umns or rows are substantially transparent and 
are of indium tin oxide (ITO). 



6. Apparatus as claimed in claim 5 wherein the met- 
allized conductor portions coextensive with the 
closely spaced conductors each forming a cath- 
ode of the flat panel display, are of indium tin ox- 
ide and have an aluminium metallisation. 

7. Apparatus as claimed in claim 5 wherein metal- 
lized conductor portions coextensive with the 
closely spaced conductors of indium tin oxide 
also are of indium tin oxide and have a gold met- 
allisation. 

8. Apparatus as daimed in claim 7 wherein said 
metallized conductor portions of indium tin oxide 
and gold include one of nickel, molybdenum and 
chrom betw n said indium tin oxid and said 
gold. 

9. Apparatus as daimed in claim 5 wherein said 
multiplicity of dosely spaced conductors (8,6) ar- 
ranged in one of columns or rows are substantial- 



5. 
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ly transparent and are of indium tin oxid (ITO) 
and said multiplicity of closely spaced conductors 
(6,8) arrang d in the other of rows or columns are 
of nickel. 

10. Apparatus as claimed in claim 9 wherein said 
conductors of nickel each have the form of a met- 
allized grid. 

11. Apparatus as claimed in claim 10 wherein metal- 
lized conductor portions coextensive with said 
conductors of nickel also are of nickel and have 
a metallization of one of chrome, aluminium and 
gold. 

Patentanspruche 

1. Monolitische Flachtafelanzeigevorrichtung, urn- 
fassend: 

ein isolierendes Substrat (2); 
einen Hachtafel-Anzeigebereich (4), der auf ei- 
ner Flflche des isolierenden Subtrats vorgese- 
hen ist, die eine Mehrzahl dicht beabstandeter, in 
Spalten und Reihen angeordneter Letter (6 t 6) 
e nth lit, die voneinander isoliert sind und 
addressierbare Bildetementschnittstellen defi- 
nieren; 

metaitisierte Verbindungsieiterabschnitte (26 - 
36), die kreuzungsf rei am Umfang des Flachtafei- 
Anzeigebereiches (4) angeordnet sind und als 
Fortsetzung zu jedem der Spalten- und Reihen- 
leiter (8, 6) fur eine Verbindung zwischen jedem 
der Spalten- und Reihenleiter (8, 6) und Aufnah- 
mebereichen (80) sorgen, welche zur Aufnahme 
jeweiliger integrierter Spalten- und Reihen-Trei- 
berschaltungen (12, - 12a, 10, - 10J ausgebildet 
sind, die jeweils eine erste, eine zweite, eine drit- 
te und eine vierte Seite (88, 90, 92, 94) aufwei- 
sen, von denen die erste und die zweite Seite (90, 
94) im wesentlichen parallel zueinander verlau- 
fen und eine LAnge besitzen, die grd&er ist als 
diejenige der dritten und der vierten Seite (88, 
92), und die entlang dem Umfang des Flachtafel- 
Anzeigebereiches (4) mit Abstand voneinander 
angeordnet sind, wobei die metallisierten Verbin- 
dungsieiterabschnitte (26 - 36) in raumlichen 
Gruppen angeordnet sind, wahrend jeweilige Lei- 
terabschnitte entlang dreier Render eines zuge- 
hdrigen Aufnahme beretches endet und 
Einganga-/AusgangssignaJl6itungen (14, 16) mit 
einer Strobe-Signaileitung am Umfang der Ver- 
bindungsieiterabschnitte (26 - 36), wobei diese 
L ttungen parallel zueinander und zu zugehfcri- 
g n R3ndern des Flacntafel-Anzeigebereiches 
(4) verlaufen; 

dadurch gekennzeichnet, daS 

der Flachtafel-Anzeigebereich (4) ein lektro- 



phoretische Anzeig tafel ist. in welcher die Spal- 
ten- und Reihenleiter mit hoher Dichte von typi- 
scherweise 80 Leitungen/cm (200 Leitungen- 
/Zoll) aufweisen, jeder Aufnahmebereich (80) mit 

5 der ersten und der zweiten Seite (90, 94) im we- 

sentlichen quer zu der dem Aufnahmebereich 
(80) am nichsten liegenden Seite des Anzeige- 
bereiches (4) angeordnet ist, die Leiterabschnitte 
(26 - 36) jeder Gruppe entlang der ersten und der 

w zweiten Seite sowie entlang einer dritten Seite 
(92) enden, bei der es sich um die Seite des Auf- 
nahmebereich es (80) handelt die der nachstge- 
legenen Seite des Anzeigebereiches (4) am 
nachsten liegt und 

15 diejenigen Leiterabschnitte jeder Gruppe, die 
entlang der ersten und der zweiten Seite enden, 
sich von dem zugehdrigen Aufnahmebereich in 
einer Richtung quer zu der ersten bzw. der zwei- 
ten Seite nach aufien erstrecken, in Richtung auf 

20 den Anzeig ebereich (4) abbiegen, um sich in ei- 
ner Richtung parallel zu der ersten bzw. der zwei- 
ten Seite zu erstrecken, wobei die Abbiegungen 
der Leiterabschnitte, die sich von jeder ersten 
bzw. zweiten Seite aus erstrecken, auf einer zu- 

25 gehdrigen schrlgen Linie bezOglich der Seiten 

liegen, und eine Mehrheit der Leiterabschnitte in 
Richtung der Mitte der Gruppe abbiegt, um sich 
in einer Richtung quer zu der ersten bzw. der 
zweiten Seite zu erstrecken, um erneut in Rich- 

30 tung auf den Anzeigebereich (4) abzubiegen, so 
da& sie sich in einer Richtung parallel zu der er- 
sten bzw. der zweiten Seite erstrecken, wobei die 
Orte dieser Biegungen auf zugehdrigen Schrig- 
linien liegen. 

35 

2. Vorrichtung nach Anspruch 1, gekennzeichnet 
dutch jeweilige integrierte Spalten- und Reihen- 
treiberschaltungen (12, - 12 flt 10, - 10„), die in- 
nerhalb eines jeweiligen Aufnahmebereiches an 

40 dem Substrat (2) haf ten. 

3. Vorrichtung nach Anspruch 2, bei dem Draht- 
bondverbindungen (114) fur eine Verbindung zwi- 
schen den metallisierten Verbindungsleiterab- 

45 schnitten (26, 36, 110, 112) und einem zugehfin- 

gen Ausgangstreiberkissen (106, 108) der zuge- 
hdrigen integrierten Treiberschaltung (12, - 12 n , 
10, - 10 n ) sowie zwischen ausgewahlten Signal- 
leitungen (14, 16) und der zugehdrigen integrier- 

50 ten Treiberschaltung (12, - 12^ 10, - 10 n ) sorgen. 

4. Vorrichtung nach Anspruch 2 Oder 3, bei der die 
jeweiligen integrierten Spalten- und Reihentret- 
berschaltungen (12, - 12„, 10, - 10„) mit Hilfe ei- 

56 n s hitzeerhartbaren Epoxymaterials an dem 
Substrat (2) haf ten. 

5. Vorrichtung nach jedem der vorh rgehendenAn- 
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spruche, bei der die Vielzahl von eng 
beabstandeten leitern (8, 6), die in mindestens 
einer der Spalten oder Reihen angeordnet sind. 
im wesentlichen transparent ist und aus Indium- 
Zinn-Oxid (ITO) besteht. 5 

6. Vorrichtung nach Anspruch 5, bei der die metal- 
lisierlen Leiterabschnitte, die eine Verlangerung 
bezuglich der eng beabstandeten. jeweils eine 
Kathode der Flachtafelanzeige bildenden Leiter 10 
darstellen, aus Indium-Zinn-Oxid bestehen und 
eine Aluminium-Metal I isierung besitzen. 

7. Vorrichtung nach Anspruch 5, bei der sich zu- 
sammen mit den eng benachbarten Leitern aus 15 
Indium-Zinn-Oxid metallisierte Leiterabschnitte 
erstrecken, die ebenfails aus Indium-Zinn-Oxid 
bestehen und eine Gdd-Metallisierung aufwei- 
sen. 

20 

8. Vorrichtung nach Anspruch 7, bei der die metal- 
lisierten Leiterabschnitte aus Indium-Zinn-Oxid 
und Gold zwischen dem Indium-Zinn-Oxid und 
dem Gold einen der Stoffe Nickel, MolybdSn und 
Chrom enthalten. 25 

9. Vorrichtung nach Anspruch 5, bei der die Vielzahl 
von eng beabstandeten Leitern (8, 6), die entwe- 
der in den Spalten oder in den Reihen angeordnet 
sind, im wesentlichen transparent ist und aus In- 30 
dium-Zinn-Oxid (ITO) besteht, wahrend die Viel- 
zahl von eng beabstandeten Leitern (6, 8), die in 

den Reihen bzw. in den Spalten angeordneten 
sind, aus Nickel besteht. 

35 

10. Vorrichtung nach Anspruch 9, bei der die Letter 
aus Nickel jeweils die Form eines metallisierten 
Gitters besitzen. 

11. Vorrichtung nach Anspruch 10, bei der die metal- 40 
lisierten Leiterabschnitte, die sich gemeinsam 

mit den Leitern aus Nickel erstrecken, ebenfails 
aus Nickel bestehen und eine Metal I isierung aus 
einem der Stoffe Chrom, Aluminium und Gold 
aufweisen. 45 



Revendications 

1. Dispositif d'affichage mondithique a panneau so 
plat comprenant un substrat isolant (2) ; 

une zone d'affichage a panneau plat (4) 
prevue sur une surface dudit substrat isolant, 
cette zone comprenant une multiplicite d 
conducteurs (8, 6) espaces d'etroits intervalles, 55 
disposes en col nnes et en range s, ces dernie- 
res etant isofees tes un s des autres et definis- 
sant des intersections adressables r pres ntant 



des elements d'images ; 

des parties metallisees connectrices (26- 
36) de conducteurs disposees le long de la peri- 
pheric de ladite zone d'affichage (4) du panneau 
plat sans se croiser mutuellement, ces parties 
etant en coincidence avec chacun des conduc- 
teurs (8,6) de colonnes et de rangees pour etablir 
une interconnexion entre chacun des conduc- 
teurs (8, 6) de colonnes et de rangees, et des zo- 
nes receptrices (80) qui sont agencies pour re- 
cevoir des circuits integres respectifs (12 r 12 m 
lOi-IOn) d'attaque de colonnes et de rangees, 
lesquelles zones receptrices (80) ont chacune 
des premier, deuxieme. troisieme et quatrieme 
cdtes (88, 90, 92, 94), les premier et deuxieme 
cdtes (90, 94) etant sensiblement paralleles entre 
eux et ayant une longueur superieure a cede des 
troisieme et quatrieme cdtes (88, 92), et lesquel- 
les zones receptrices sont espacees sur le tour 
de la peripheric de ladite zone d'affichage (4) du 
panneau plat, lesdites parties metallisees 
connectrices (26-36) de conducteurs etant agen- 
cies en groupes spatiaux, les parties de conduc- 
teurs de chaque groupe se term in ant le long de 
trois cdtes d'une zone receptrice respective ; et 

des lignes de signaux d' en trie/sortie (14, 
16) comprenant une ligne de signaux de fixation, 
disposees le long de la peripheric desdites par- 
ties connectrices (26-36) de conducteurs, ces li- 
gnes etant paralleles entre elles et paralleles aux 
bords respectifs de ladite zone d'affichage (4) du 
panneau plat ; 

lequel dispositif d'affichage est caracteri- 
se en ce que 

ladite zone d'affichage (4) du panneau 
plat est un panneau d'affichage electrophoreti- 
que dans lequel les conducteurs des colonnes et 
rangees ont une haute densite, typiquement de 
80 lignes/cm (200 lignes/pouces), chaque zone 
receptrice (80) est agencee de facon que lesdits 
premier. et deuxieme cdtes (90, 94) soient sensi- 
blement transversaux au cdtd de la zone d'affi- 
chage (4) le plus proche de cette zone receptrice 
(80), les parties (26-36) de conducteurs de cha- 
que groupe se terminent le long des premier et 
deuxieme cdtes et le long d'un troisieme cdt£ 
(92) qui est le cdtd de la zone receptrice (80) le 
plus rapproche du cdte le plus proche de la zone 
d'affichage (4) ; et 

lesdites parties de conducteurs de chaque 
groupe, qui se terminent le long desdits premier 
et deuxieme cdtes, sortent de ladite zone recep- 
tric respective, dans un direction transversale 
audit premi r cdte ou audit deuxiem cdte, se 
coudent v rs ladite zone d'affichag (4) pour 
s'etendre dans un direction parallel audit pre- 
mier cdte ou audit deuxiem cdte, les coudes des 
parties des conducteurs pa riant de chaque pre- 
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mier cdte ou de chaqu deuxiem cdte qui s 
trouve sur une lign resp ctrve inclinee par rap- 
port auxdits cdtes, et un majority d sdites par- 
ties des conduct urs s c udent vers I centre 
dudit groupe pour s'etendre dans une direction 
transversale audit premier cdte ou audit deuxie- 
me cdte et se coudent de nouveau vers ladite 
zone d'affichage (4) pour s'etendre dans une di- 
rection parallele audit premier cdte ou audit 
deuxieme cdte, les lieux geometriques de ces 
coudes se trouvant sur des lignes inclinees res- 
pectives. 

2. Otspositif selon la revendication 1. dans lequel, 
en outre lesdits circuits integres (12r12 n , 10 r 
10 n ) d'attaque des colonnes et des rangees res- 
pectivement sont codes audit substrat (2) dans 
chaque zone receptrice respective. 

3. Dispositif selon la revendication 2, dans tequel 
des connexions (114) d fit soude etablissent la 
connexion entre lesdites parties metallisees 
connectrices (26-36, 110,112) des conducteurs 
et chaque plot d'attaque de sortie (106, 108) de 
chaque circuit integre d'attaque respectif (12 r 
12 n , 10 r 10 n ) et entre des lignes selectionnees 
respectives parmi lesdites lignes de signaux (14, 
16) et chaque circuit integr£ d'attaque (12 r 12„, 
lOi-IOn) respectif. 

4. Dispositif selon Tune ou I'autre des revendica- 
tions 2 et 3, dans lequel lesdits circuits integres 
d'attaque respectifs (12 r 12 n , 10i-10 n ) de colon- 
nes et de rangees reapectrvement sont colles au- 
dit substrat (2) au moyen d'un epoxy thermodur- 
ctssable. 



8. Dispositif selon la revendication 7, dans lequel 
lesdites parties metallisees des conducteurs en 

xyde d'indium-etain et d'or comprennent un des 
metaux. nickel, molybdene et chrom entre ledit 
5 oxyde d'indium-etain et ledit or. 

9. Dispositif selon la revendication 5, dans lequel la- 
dite multiplicity de conducteurs (8, 6) espaces 
d'etroits interval les disposes dans Tune des co- 

10 lonnes ou rangees sont pratiquement transpa- 

rents et sont faits d 'oxyde d'indium-etain (ITO) et 
ladite multiplicity de conducteurs espaces 
d'etroits intervalles (6. 8) disposes dans I'autre 
des rangees ou colonnes sont faits de nickel. 

15 

10. Dispositif selon la revendication 9, dans lequel 
lesdits conducteurs en nickel ont chacun la forme 
d'une grille metallised. 

20 11. Dispositif selon la revendication 10, dans lequel 
des parties metallisees des conducteurs qui sont 
en coincidence avec les conducteurs en nickel 
sont aussl faites de nickel et ont une metallisation 
de Tun des metaux chrome, aluminium et or. 

25 
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5. Dispositif selon une quelconque des revendica- 
tions precedentes, dans lequel ladite multiplicity 

de conducteurs (8, 6) espaces d'etroits interval- 40 
les disposes dansau moins une des colonnes ou 
rangees sont pratiquement transparents et sont 
faits d'oxyde dlndfum-etain (ITO). 

6. Dispositif selon la revendication 5, dans lequel 45 
lesdites parties metallisees des conducteurs qui 
sont en coincidence avec les conducteurs espa- 
ces d'etroits intervalles dont chacun forme une 
cathode de I'aff ichage a panneau plat sont faits 
d'oxyde d'indium-etain et portent une metailisa- so 
tion faite d'aiuminium. 

7. Dispositif selon la revendication 5, dans lequel 
les parties metallisees des conducteurs qui sont 

en cothcidenc avec les conduct urs espaces 55 
d'etr itstntervall s enoxyd d'indium-etain sont 
elles-aussi fait s d* xyd d'indium-etain et por- 
tent une metallisation d'or. 
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